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1FLASH RECOGNITION OF FAMILIAR DISPLAYS 
L. Augenstine, A.A. Blank, H. Quastler, M. Wayner
I. GLOSSARY
Components: The elementary units from which the display (stimulus) is
constructed (e.g. a playing card, an alphabet letter, a strip, a 
dial, etc.)«
Logon: An independent feature in the representation of information.
Attribute: An independent variable (logon) which the experimenter uses to
characterize a component of the display.
Aspect: An independent variable (logon) which the subject uses to
characterize a component of the display, as inferred from the 
subject's behavior (response) in the given context. In many situations 
there may not be a strong correspondence between aspects and attributes.
Filtering: The property, attributed to a channel, of selective transmission.
Stimulus uncertainty: The product of the uncertainty about each component
times the number of components in the display. When only a single 
attribute is required in the response, the uncertainty about each 
component in the display is taken as the uncertainty contributed by 
the required attribute only.
Response information: The maximum information which could be transmitted
if each response were correct and complete.
* A number of authors have contributed to this report. In general the 
responsible authors will be designated for each section.
2II. INTRODUCTION
This collection of studies is a contribution to the problem of how 
much information a man can assimilate visually in a brief flash. In 
contrast to the experiments dealt with in part III1, the objects presented 
for visual inspection were familiar ones, namely, alphabet letters and 
playing cards, in the anticipation that man's performance may be best in 
familiar tasks. The partial result of each experiment will be a number 
representing the success at flash recognition in bits. Such a number may 
be interpreted as a lower bound to the maximum amount of information which 
man can obtain in a flash. The results of these experiments may then be 
taken as estimates from below of man's capacity in this kind of task under 
optimum conditions. Under less favorable conditions, lower values may be 
observed.
Information transmitting involves at least three operations;
(i) data gathering,
(ii) data processing, 
and (iii) motor response.
The present studies are an attempt to characterize some of the properties 
of the data gathering process. By this we do not mean the peripheral 
stages alone, such as impression of an image on the retina and its subsequent 
transmission to the cortex; rather, we are trying to define all those 
mechanisms which immediately precede conscious information transmission. 
Displays were exposed for very short durations. Thus it was hoped that 
any feedback interaction between the data gathering and data processing 
mechanisms would be prevented and, therefore, the properties of the data 
gathering mechanism would determine the transmission characteristics since
3
"unlimited" response time was allowed.
The following features were particularly investigated:
Amount of Information Assimilated: These experiments were intended
to measure the amount of information assimilated in a "glance"; this
quantity is not directly observable, but is approximated by the amount
a S can transmit about a display shown for a very short period of time.
A number of experimental variables were investigated, not only to
determine their individual effects on the amount of transmission, but
also in an attempt to maximize the transmission. Thus, the effect upon
the transmission value of varying the exposure duration, the stimulus and
response complexity, display geometry, and the introduction of time as
a random variable, was investigated. The stimulus and response
complexities were varied by varying the number of components, the number
of attributes associated with a single component, and also by varying the
frequencies within the domain of values associated with a given attribute.
Time Dependence: Various experiments have suggested that (in the
performance of certain types of tasks) humans do not operate in a
continuous fashion; but rather the performance is quantized and occurs in
2 3discontinuous chunks of time 5 . Three such time quanta, approximately
of durations, 50, 100, and 250 msec, have been shown to exist and there
are probably more. It is entirely possible that all three of the
operations associated with the task performances may be time-quantized.
In these experiments an attempt is made to make the data gathering
mechanism the limiting process and thus determine the duration of any
time quantization(s) associated with its operation . If man operates
* If time quantizations do exist in the performance of tasks such as
these, the duration of the initial or minimal quantum will be the first 
duration to be detected; henceforth this initial or minimal time 
quantum will be referred to as the "glance".
in a quantized fashion, a stepwise, non-linear relation should exist
4between display duration and transmission performance .
Time is also treated as a variable and its effect on the maximum 
transmission is measured. In one case the exposure time was varied 
according to a pattern known to the subject and in another case the 
exposure time was varied randomly.
Filtering: It seems that Ss under the proper motivation can
selectively disregard certain dimensions of information in a complex 
display which are unnecessary to the performance of an assigned task, 
and concentrate on the dimensions necessary for the proper performance. 
We made an attempt to determine whether the data gathering process 
exhibits selectivity during exposures of very short duration.
5
*III. EVALUATION OF INFORMATION TRANSMITTED
The amount of information transmitted was estimated either, by the 
standard matrix method or by one of the following two approximation 
methods^.
METHOD OF ERROR MAGNITUDE If the stimuli possess a natural linear 
ordering but are not distinguished in any other way, it is often 
convenient to assume that the response pattern is the same for each 
stimulus input. If the magnitude and frequency of error are roughly 
independent of the position of the input in the linear array, this 
assumption is a useful simplification. On the supposition of r 
input .categories, we may then estimate Hout(in) by
where denotes the number of errors of magnitude i in v trials. This
to 2r-l. In practice, only a fraction of these categories will occur
• ’ I
with a sizeable probability.
METHOD OF HINTS In this technique the S’1 s first response is accepted 
if it is the "correct” response to the given stimulus. If it is not, 
he is made to respond again and again until the "correct" response is 
made. The number of responses required to give the correct answer is 
recorded. The probability p^ of reaching the correct answer at the i-th 
stage is estimated by v^/v where V is the number of times the correct
( 1)
2 2 reduces the number r of categories under consideration by (r-1) , i.e
* L.A., A.A.B., and H.Q.
6response is given at the i-th stage and v is the number of experimental
trials. The equivocation H (in) is then estimated by
H (in) = - 2 out' 7 . ,i=l
V vi log _i
v v
where r denotes the number of possible
response categories.
This technique reduces the number of probabilities to be estimated
2from r to r. In addition, it is often observed that after a few say, k,
responses there is no longer any sizeable connection between the S's
6response and the input . In that case it is only necessary to record k
categories of response, i.e., correct responses within k attempts. The
value of H fin) is then estimated by out 7 J
( 2) H (in) = 2 out . .
i = l
v vi log _i
v v
m- m log — r- r*-k
k
2 v.
where m = 1 - j=l 1 
v
ESTIMATION OF BIAS Empirical information estimates are biassed. Approximation 
methods like the two discussed above involve pooling; this results in over­
estimating uncertainties and underestimating transmission values^. No attempt 
was made to correct for these factors. Besides the pooling bias at least 
two other types of bias occurred in this investigation.
The truncation used in the method of hints neglects the small amounts 
of information which would be transmitted after the last statement allowed.
We have tried to estimate this amount by extrapolation, assuming that the 
information conveyed by each guess decreases in some lawful fashion. Let T. 
be the amount of information transmitted up to and including the i'th state­
ment, assuming all further statements to be random. In our experiments, we 
truncated after the 5th statement; thus, we have measures of T. up to i = 5,
\
7
A plot of the function
T. - T. . i i-l log ---------
5
against i is shown in figure 1. It is seen that accounts for 85-90% 
of T,., and that the values of the function for i = 2 to 5 decrease about 
exponentially. Assuming that they will continue to do so, the 
contribution of additional statements can be estimated by summing the 
geometric series. The result is a value of about 6% of T5, with 2.5 
and 13%, respectively, as safe upper and lower brackets.
Another type of bias is introduced by the limited sample size.
This leads to an underestimation of uncertainties and overestimation of 
transmission values. It’s amount can be estimated according to Miller
g
and Madow by:
(3) Bias degrees of freedom 1.3863 • N
where N is the sample size. The median and principal mode of information 
functionals tend to be near the mean, so that the estimator is good in 
every respect. The value of this term depends only on the number of 
categories and not on the probabilities; and it becomes inaccurate if the 
probabilities are markedly unequal. Two such situations occurred in one 
of our experiments.
In one case, we used the matrix method to estimate T. There were 4 
categories of inputs and outputs, with a sample size of 20. In this 
situation, there are 9 degrees of freedom, and the bias, according to 
eq. 3 should be .325 bits. In one experiment (012, see section VII), 
conditions were such that all input-output combinations were roughly
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FIG . I. INFORM ATIO NAL C O NTRIBU TIO N OF SUC CESSIVE G UESSES
equiprobable and that the true value of T should be near zero. We 
found an average sample T of .383 + .024 which is not incompatible with 
the Miller-Madow value. However, when each input is associated every 
time with one output (i.e., a diagonal matrix) then the Miller-Madow 
value should be zero. For a nearly diagonal matrix, it should be larger 
than zero but not as large as .325 bits. We used a Monte Carlo method 
to find bias values appropriate to the relative frequencies observed in 
our experiments; in this particular case, this turned out to be .08 + .13 
bit s.
In the second case, we used the method of error magnitude. There 
were 10 input categories which yields 19 possible error magnitudes 
(from -9 to +9). The corresponding Miller-Madow value is
1.3863 • 20 = *649
However, most of the error magnitudes have very small probabilities; 
accordingly, the "effective" number of degrees of freedom should be 
less than 18. A Monte Carlo estimation of the bias, using observed 
frequencies as estimators of probabilities, gave a bias value of 
.18 + .05 bits which corresponds to 5 degrees of freedom.
An unbiased estimator of H can be obtained by a method which was 
9
developed by I. J. Good . It seems to be particularly suitable for 
situations where there are a large number of sparsely populated classes.
At the time we evaluated our data we were not aware of this method. Since 
then we have recomputed some of our results using Good's method and found 
reasonable agreement with the results obtained by Monte Carlo techniques.
10
These included probability sets where the Miller-Madow method was not 
applicable; however, when only a few large probability classes occur the 
evaluation becomes less exact.
11
IV. EQUIPMENT*
All of the experiments utilized single, short duration light pulses 
for display illumination. Light pulses of predetermined duration were 
produced from a modified slide projector. The light source consisted 
of a 500-watt projection lamp. A 3-inch Rapax shutter, of variable 
aperture, was used to control the flash duration and intensity. The 
shutter cocking and firing was motor driven so that the subject knew 
fairly accurately when to expect the flash.
The emergent light from the shutter was plane-polarized using a 
Polaroid quarter-wave plate, and S was provided with a pair of glasses 
containing lenses of the same quarter-wave material. The filter at the 
shutter was rotated so as to minimize the glare from the surface of the 
display; it turned out that minimum glare occurred when the planes of 
polarization of the filter and lenses were ''crossed".
The displays to be "flashed" were placed in the center of an 
1.20 x 1.85 m., non-reflecting, black composition board. The light- 
display distance was 9 feet, and the subject-display distance varied 
according to S and experiment.
In all these experiments in which the flash duration was varied, 
a constant flux density was maintained, except for one final experiment 
(expt. C-9, section VII) in which the total flux was held constant.
* L.A. and M.W.
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V. LETTER RECOGNITION; A. RANDOM DISPLAYS*
This experiment used displays made up from letters randomly selected 
from the 26-letter alphabet. It was designed to measure, for one well- 
defined situation, two properties of the glance:
i) its informational capacity and how this capacity is affected by 
varying the stimulus uncertainty, the response information and the 
display geometry(the stimulus uncertainty was varied by varying the 
number of components presented and the response information by varying 
the number of components required in the response),
ii) its duration.
The experiment was also designed to measure the interaction between 
components of information due to duplication of display components and also 
to measure the duration of any time quanta, in addition to the "glance", 
which might exist.
SUMMARY
1) Plots of the transmission as a function of the stimulus uncertainty 
are similar in shape to those found in previous experiments in this series.
2) Transmission about displays containing 1, 2, or 3 letters iis almost 
perfect; for 4, 5, and 6 letter displays there is an average increase of 
1.5 bits/component of 4.7 bits or 0.35 bits/bit. For 8-letter displays
the transmission is either the same as or lower than for the 6 letters.
3) The apparent maximum transmission is 18 bits/display. The maximum 
value varies as much as 70% among the four Ss.
4) The response type seems to influence the total transmission values
* L.A. and M.W.
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very little but influences the transmission from any particular display 
position considerably. The same is true of display geometry.
5) The duration of the glance seems to be somewhere between 40 and 
200 msec. The uptake of information is extremely rapid in the first
40 msec, of that time.
6) For display durations of 40-500 msec, the transmission increases; 
the exact relation between input and transmission remains undetermined 
(data for a single S only).
7) Display duration as a random variable lowers the transmission 
by about 15% (data for a single S only).
8) An attempt was made to classify the errors.
EXPERIMENTAL PROCEDURE
Displays of 2,3,4,5,6, and 8 letters were constructed from regular 
anagram sets. The anagram letters were 22 mm. square. The occurrence 
of a particular letter at a given position in the displays was determined 
from a table of random numbers in such a manner that the occurrence of 
any letter at any position was equiprobable. The subject-to-display 
distance used was 9 feet (which was the middle of the optimum range 
which extended from approximately 7-11 feet.). The S was instructed to 
fixate on the second letter from the left and was aided by the use of a 
small fixation light; the second letter was chosen as the fixation point 
since it was hoped that the natural tendency to read from left to right 
could thus be utilized. All Ss adapted to the test conditions by taking 
trial runs for 7 minutes before the test series were started. The S’s 
were not run longer than 1.5 hrs. at any one session. They were students 
supplied by the Student Employment Agency (two undergraduates and one
14
graduate student).
After each response the S was told the locations of errors that he had 
made and was directed to guess until he either gave the correct response 
or else guessed 4 times in addition to the initial response.
Table I
Four main experiments were run with the following experimental variables:'
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I 1 one-line whole 30 150 40 msec. 3,4,5,
6,8
0.12
IIA 3 one-line whole 30 180 40 msec. 2,3,4,
5,6,8
0.12
IIB 2 two-line whole 10 20 40 msec. 6,8 0.36
IIIA 3 two-line single- all 10 210 40 msec. 4,6,8 0.36
IIIB 3 one-line single- all 10 60,70,90 40 msec. 5,6,8 0.36
IVA 1 one-line single only 10 400 variable
rand.
8 only 0.36
IVB 1 two-line single only 10 460 variable
non-rand.-
8 only 0.36
Two display types were used:
i) one-line displays: all of the letters placed in a horizontal line
(2,3,4,5,6, and 8 letters).
and
if) two-line displays: letters placed in two equal horizontal rows
(2,4,6, and 8 letters only).
15
The various letter positions were numbered as shown in diag. 1.
Diag. 1 Each anagram represents a visual angle of 0.55°.
In referring to specific letter positions, it is necessary to specify in
which display they occur so that the following notation has been adopted:
£
the fifth letter position in the 6-letter display is designated as 5 ,
4the third letter position in the 4-letter display as 3 , etc. In all of 
the experiments the S was always aware of the exact display type that he 
would be shown and the displays were shown in blocks of at least 10 of 
one display-type before another type was shown.
Two response types were required of the Ss:
1) whole response: the complete display starting with the first
position and reporting each position sequentially.
and
2) single-all response: the S was directed 2 seconds after the 
cessation of the light to give either the complete display or 
else one specific letter position from the display. The 
occurrence of either of the two alternatives were randomized 
in such a manner that each of the letter positions and the 
complete display were asked for an equal number of times.
The same guessing technique was imposed with each of the two response 
types. It was found that the single response type yields more consistent 
results than whole or all. However, for small displays (6 letters or 
less) the total transmission values are relatively independent of response
16
type. If we were to rerun the experiment now we would use only the . .single
response type. ....
To determine the duration of the glance, the 8-letter, two-line 
display was presented with a variable exposure duration. Only single 
responses were required. Two different experimental conditions were 
followed with respect to varying the exposure duration:
1) time unknown: five exposure times (10,40,200,500, and 2000 msec.)
and the specific letter position asked for after each exposure, 
were randomized within each test sequence so that each letter 
position for each time duration occurred equally frequently
(10 times);
and
2) time known: six exposure times (10,40,100,200,500 and 2000 msec.) 
were used, but were kept constant throughout one test. The eight 
letter positions were randomized and 80 displays were run at a 
given duration, before the display duration was changed.
ANALYSIS
The relationship chosen to evaluate the S's transmission performance
was
(4) T(transmission) = H(in) - HQut(in); (all quantities measured in bits) 
where H t(in) is the uncertainty about the input when the output is known.
(5) H(in) =4.7 bits per letter = - (log^ 1/26)
since the letters were chosen such that each letter was equiprobable.
H(in) is thus precise, so that the estimate of T will be as good as
the estimate of H (in).out
17
The method of hints, as described in section III, was used to 
evaluate HQut(in). A preliminary investigation indicated that beyond the 
4th or 5th statement the responses were random. In the main experipents 
anything which was not guessed correctly in the first four guesses 
(plus the initial response) was placed in a sixth category. In the 
subsequent numerical operations the population of this category was 
treated as if it were uniformly distributed over the 6th to 26st 
guess interval.
■ i
H fin) was evaluated numerically as follows: out “ J
5
(6) Hout(in) = - 2 (x./N) lg2(x./N) = 21 [(xr/21N) lg2(xr/21N)]
i=l
The data were analyzed in terms of the number of times, x^, that
the correct response was given on the i'th statement (the initial
response was denoted as i = 1), plus the number of times that the correct
response was not given in 5 guesses, x^. N is the total number of
displays presented in any set of data.
The factor x./N is seen to be the fraction of the total number 1
of displays in which the correct response is given on the i*th guess.
5
The factor 2 (x./N) lg„(x./N) is the uncertainty associated with
i=l 1
the set of correct responses and -21 [(x /21N) lg9(x /21N)] is seen to 26 r z r
be - 2 (x^/N)lg^(x^/N), where all x. are equal for i > 6. This factor 
i=6
is, therefore, the uncertainty associated with the set of "uncorrected 
responses". Thus
26
(7) T = 4.7 + 2 (x /N) lg (x./N)
i=0
where x. = x /21 for i > 6. l r —
18
Values of T calculated according to the above relationship are biased 
because of two factors;
i) the finiteness of the sample size. This bias has been estimated 
using the Miller-Madow approximation given in equation (3). In this 
experiment the degrees of freedom equals 5 (i.e., one less than the 
number of response categories). The values of the bias for all of 
the experiments are listed in the last column of Table I.
and
ii) the method of treating the "wrong'1 responses. The truncation 
technique introduces a negative bias since the assumption of complete 
randomness for the "wrong" response yields the maximum uncertainty 
value possible.
A method is described in section III for estimating the truncation 
bias. According to these calculations, although the bias is variable, 
it probably has a magnitude of about 6% of the calculated T values; this 
corresponds to approximately 0.1 - 0.3 bits/letter for the T values observed.
Since the two bias terms tend to counteract each other and are of 
roughly equal magnitudes, and because of the difficulty of determining a 
more precise estimate of the truncation bias, transmission values have been 
calculated using relation (7) with no correction for bias.
Transmission values have been calculated for each of the letter positions 
in all of the displays used, and the values for the individual positions 
within a display have been summed to furnish a transmission value for the 
complete displays. These various values are given in Fig|s. 2-6 and tables 
II and III (values are not tabulated for the first experiment which was 
meant only as a pilot run).
19
RESULTS—
A. General
This experiment- was arranged to measure the duration of the glance 
and also the effect oxf three factors on the informational capacity of 
the glance. These factors are (1) stimulus uncertainty (2) response
information required, and (3) display geometry.
\a. Capacity
i \
(1) Stimulus uncertainty: Of the first three factors, the stimulus
uncertainty exerted the strongest effect on the transmitted information.
The plots of transmission as a function of stimulus uncertainty yield
the same type of curves as that found in the music and spot-location
1,10experiments , i.e., an initial linear rise (almost perfect transmission) 
for low input uncertainty, a leveling off over a medium uncertainty range 
with a broad maximum (SI and S3) or a plateau (S2), and a slight drop-off 
of performance at high input uncertainty. As can be seen from figs. 2-5 
and table II, the estimated peak transmission values vary among the 
three Ss tested by as much as 70% (SI, 15-18 bits; S2, 9-12 bits; and S3, 
15-19 bits); however, in all of the cases the general shape of the curves 
is similar.
(2) Response Information: When only a single letter position
(single-response type) was required, the information transmitted about 
that position was 25% higher, on average, than that transmitted for the 
same position when the complete display (all-response type) was required. 
This is particularly evident in the 8-letter displays of expt. III. In 
addition to this average increase there was also a more uniform
:..- 2 0
transmission from all of the letter positions when the single response was 
required; whereas when the all response was required, the performance for 
the low-numbered positions (1-4 or 5) was about as high as with single 
responses, and much higher than the performance for the higher numbered 
positions. A typical performance is shown for SI in fig. 6.
Of particular interest is the drop-off in the transmission values 
for the 8-letter display when the all or whole response type is required 
in comparison to the other values in the three graphs.
All of these effects could be due to
i) a decay in time of information about the complete stimulus, since 
the all response required a longer time for reporting than the single 
response; or
ii) a decay of information concerning higher-number letter positions 
as a result of the act of reporting the lower-number positions 
preceding them, i.e. interchannel interference.
The experiment, as designed, was not capable of differentiating between 
these two possibilities and in fact, inadvertantly, a prejudice was 
introduced, as to the relative importance of the various letter positions, 
by the numbering system and the reporting sequence employed. Quite likely 
this prejudice would obscure conclusive evidence for either of the two 
possibilities.
(3) Display Geometry: The display geometry produced an apparent
effect of less than 10% on the variability of the transmission for the 
complete display - actually only S3 shows any great effect due to this 
factor. The display geometry affects the performance for the individual
21
Table II
Transmission for Two-Line Display for Single and All Response Types
(Experiment III)
Display
Subject I 
Single All
Subj ect 
Single
II
All
Subject
Single
III
All
i4 3.8 3.8 1.1 1.6 4.7 4.7
24 3.8 3.1 4.7 2.9 4.7 4.7
34 3.1 3.8 3.3 2.7 4.7 4.2
44 4.7 3.3 4.7 2.1 4.7 2.9
T4 15.4 14.0 13.8 9.3 18.8 16.5
i6 3.3 3.8 1.2 3.3 4.2 4.7
26 4.0 4.2 2.1 2.1 3.8 4.7
36 3.5 3.8 1.9 0.5 4.2 4.7
46 2.7 2.7 1.7 1.2 3.8 3.8
56 2.7 1.2 1.9 1.1 0.8 1.0
66 2.1 1.3 1.6 1.1 3.1 2.7
T6 18.3 17.0 10.4 9.3 19.9 21.6
ie 3.5 3.4 2.2 1.1 2.9 3.3
28 2.5 1.2 1.0 0.7 2.7 2.5
38 2.6 1.9 0.5 0.8 2.9 2.1
48 2.7 0.8 1.7 1.2 3.8 1.6
58 2.9 1.6 2.0 2.0 2.1 2.0
68 2.5 1.1 0.3 0.5 1.6 1.2
78 0.3 0.5 1.1 0.5 0.5 0.7
88 0.4 0.3 1.6 0.5 1.2 0.3
T8 17.4 10.8 10.4 7.3 17.7 13.7
22
FIG.2. TRANSMISSION FOR ONE-UNE DISPLAY AND WHOLE 
RESPONSE TYPE (EXPT n )
FIG.3. TRANSMISSION FOR TWO-LINE DISPLAY AND SINGLE 
RESPONSE TYPE (EXPT m)
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Fig. 5 Pooled Data From Subjects I And 3 For Experiment I - i n .  The 
Two Curved Lines Indicate The Expected Limits For Transmission 
Values. The Straight Lines Indicate An Estimate Of The Behaviour Of 
The Average Transmisson Values. The Average Values For The Single 
Response Type Have Been Treated Separately From The Whole Or All 
Response Types For The 8 - Letter Displays Because Of The Obvious 
Differences Between The Two Response Types For A Display Of 
Such Complexity.
4 r + Single Response Type 
x ALL Response Type
V
XTi
\
\v
\
\
\
\
\
\
Letter Position
la 2s 3® 4® 5® 6® 7® 8®
Fig. 6 Transmission For Individual Letters From Two-Line Display 
(Subject I -  Experiment H I)
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letter positions much more than it affects -the total display transmission, 
but this variability depended strongly on the individual Ss. It appears 
that effective letter recognition is limited to the foveal area, and that 
for the experimental set-up used, none of the Ss could readily subtend more 
than 5 letters within the fovea centralis.
b. Time Duration: The data from SI, fig. 7, yield an estimate of
40-200 msec., as the duration of the "glance" and do not exclude the 
possibility of further quantizations of 10-100 msec. It should be noted, 
however, that the transmission values for 40-500 msec, can also be fitted 
fairly well by a linear rather than a step function. This relationship 
is examined in greater detail in section VII. Of particular interest is 
the extremely rapid uptake of information in the first 40 msec.
In addition to suggesting a roughly linear relationship between 
transmission and display duration, the data in fig. 7 provide a measure of 
the effect of time as a random variable. Of particular interest is the 
plot of the performance ratio (transmission for time unknown)/(transmission 
for time known)Tu/Tk , as a function of display duration in fig. 7b. This 
ratio appears to approach a limit of 0.85 which indicates that the S 
operates at less than capacity when confronted with a time uncertainty.
Thus, there appears to be a channel interaction of 15% between time 
variability and letter recognition.
We know of no plausible explanation for the drop in transmission 
between 500 and 2000 msec, display durations.
B. Individual differences
In the treatment of the data some individual characteristics were noted.
25\
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FIG.7b. PERFORMANCE RATIO  FOR (T IM E  UN KNO W N/TIM E KNOWN)
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The performance of S2 was quite different from those of Ss 1 and 3 who had 
many features in common. Some of these features are discussed below.
- visual span: S2 could subtend 4 letters horizontal width, S3 3+ letters 
in width, whereas SI was affected very little by display geometry 
until the horizontal display dimension was greater than 5 or 6 
letters. These facts probably explain the relatively large effect
the display geometry had on S31 s performance and the comparatively 
high performance of SI on the 5-letter display.
- short term storage: S's 1 and 3 could apparently retain a maximum 
of about 6-8 letters; whereas, S2 could retain about 5 letters.
- "anchoring" effect: S2, in particular, transmitted much more about 
the end letters in the display. S3 showed this effect moderately 
and SI almost not at all.
- same letters adjacent to each other: all the S's transmitted a 
large percentage of errors when the same letters occured adjacent 
to each other.
- transposing positions, e.g., in the 8-letter display positions
1 and 2, 1 and 5, 3 and 4, 3 and 7, etc: S3 exhibited this effect 
more than the other two Ss. He eventually recognized this fact but 
could not take full advantage of it in only 5 responses. For 
instance, if his first response was G the succeeding guesses would 
invariably be C, Q, 0, D. If the G was actually a transposition 
all 5 responses were used up by the "0" group and the transposition 
went unrecognized. However, transpositions involving initial 
responses which were not from such an obvious family of letters 
were occasionally detected, since a reasonable strategy in such a 
case was to respond with letters suspected of having been neighbors.
- perfect transmission: S2 transmitted 1 and 2-letter displays 
essentially perfectly. Ss 1 and 3 had almost perfect transmission
for 3-letter displays and S3 had one perfect performance with 4-letters.
- capacity: S2 had a capacity of 11-12 bits which corresponds to
2.5 letters transmitted perfectly. Although they have transmission 
values as high as 21 bits, the estimated capacity for Ss 1 and 3 is 
about 18 bits, which corresponds to 3.8 letters transmitted perfectly.
- component interaction: for larger displays the transmission for 
individual letter positions varied depending upon response type; in 
the whole response type about 90% of the total transmission occurred 
in the first 3 or 4 letters (table III), and in the single and all 
responses the percent of the total transmission carried by each 
letter decreased as the number of letters increased. The transmission 
from individual letter positions varied with the addition of
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Table III
Percent of the Total Transmission for the Complete Display 
which is Contributed by Each Letter Position
Individual Percentages Cumulative Percentages
One-Line Displays, Whole Response Type
Subject I
No. of No. of
Letters 1 2 3 4 5 6 7 8 letters 1 2 3 4 5 6 7 8
1 _ 1
2 47 53 2 47 100
3 30 33 38 3 30 62 100
4 25 25 28 22 4 25 50 78 100
5 22 26 23 16 13 5 22 48 70 87 100
6
7
8
21 27 25 12 6 10 6 21 7 48 72 84 90 100
24 29 24 16 2 2 2 1
/ - 
8 24 53 77 93 94 97 99 100
Subject II
No. of No. of
letters 1 2 3 4 5 6 7 8 letters 1 2 3 4 5 6 7 8
1 _ 1
2 47 53 2 47 100
3 31 34 35 3 31 65 100
4 38 31 22 9 4 38 70 91 100
5 40 26 25 5 4 5 40 66 92 96 100
6 34 27 28 6 3 1 6 34 62 90 96 99 100
7 - - - - - - 7 - - - - - _
8 31 19 29 12 4 1 2 1 8 31 51 80 91 96 97 99 100
Subject III
No. of No. of
letters 1 2 3 4 5 6 7 8 letters 1 2 3 4 5 6 7 8
1 - 1
2 53 47 2 53 100
3 32 35 33 3 32 67 100
4 31 27 22 19 4 31 58 81 100
5 29 26 20 12 13 5 29 55 75 87 100
6 28 25 19 12 6 9 6 28 54 73 85 92 100
7 - - - - - - - 7 - - - - - -
8 21 30 21 12 2 2 2 1 8 31 60 81 94 96 98 99 100
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Table III (cont.)
Percent of the Total Transmission for the Complete Display 
which is Contributed by Each Letter Position
Individual Percentages Cumulative Percentages
Two-Line Displays, Single Response Type
Subject I
No. of No. of
letters 1 2 3 4 5 6 7 8 letters 1 2 3 4 5 6 7 8
4 25 25 20 30 4 25 50 70 100
6 18 22 19 15 15 11 6 18 40 59 74 89 100
8 20 14 15 16 17 14 2 2 8 20 34 49 65 82 96 98 100
Subject II
No. of No. of
letters 1 2 3 4 5 6 7 8 letters 1 2 3 4 5 6 7 8
4 8 34 24 34 4 8 42 66 100
6 12 20 18 16 18 16 6 12 32 50 66 84 100
8 21 10 5 16 19 3 11 15 8 21 31 36 52 71 74 85 100
Subject III
No. of No. of
letters 1 2 3 4 5 6 7 8 letters 1 2 3 4 5 6 7 8
4 25 25 25 25 4 25 50 75 100
6 21 19 21 19 4 16 6 21 40 61 80 84 100
8 16 15 16 22 12 9 3 7 8 16 31 47 69 81 90 93 100
Table III (cont.)
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Percent of the Total Transmission for the Complete Display 
which is Contributed by Each Letter Position
Individual Percentages Cumulative Percentages
Two-Line Displays, All Response Type
Subject I
No. of No. of
letters 1 2 3 4 5 6 7 8 letters 1 2 3 4 5 6 7 8
4 27 22 27 24 4 27 49 76 100
6 22 25 22 16 7 8 6 22 47 69 85 92 100
8 31 11 18 7 15 10 5 3 8 31 42 60 67 82 92 97 100
Subject II
No. of No. of
letters 1 2 3 4 5 6 7 8 letters 1 2 3 4 5 6 7 8
4 17 31 29 23 4 17 48 77 100
6 35 23 5 13 12 12 6 35 58 63 76 88 100
8 15 10 11 16 27 7 7 7 8 15 25 36 52 79 86 93 100
Subject III
No. of No. of
letters 1 2 3 4 5 6 7 8 letters 1 2 3 4 5 6 7 8
4 28 28 26 18 4 28 56 82 100
6 22 22 22 17 5 12 6 22 44 66 83 88 100
8 24 18 15 12 15 9 5 2 8 24 42 57 69 84 93 98 100
components such that the total transmission remained constant for 
S2 but for Ss 1 and 3 the addition of the 4th-6th components 
caused the total transmission to increase approximately 1.5 bits 
for each component (4.7 bits) added. This 1.5 bits/component 
increase was the result of lowered transmission from the letters 
already present plus the transmission from the added component. 
Very little was transmitted about the 7th and 8th components 
and their addition either did not change the total transmission 
(single-response type) or else caused it to drop considerably 
(whole or all response types) (see fig. 5). The transmission 
values for the 5th position in the single-line whole-response 
type gives an interesting example of component interaction:
No. of letters 
in display
5
6 
8
Transmission for
SI S3
2.3 1.9
0.9 0.9
0.2 0.3
The drop in transmission as components are added is quite striking. 
Woodworth and Schlosberg^ have reviewed some of the literature 
concerning letter and word recognition. The results they cite seem to be 
in basic agreement with our data although they do not indicate any 
studies which have used information measures for evaluating performances.
Numerous workers have reported "spans of perception" of 3-5 random
, 12,13,14letters. *
ANALYSIS OF ERRORS
The data already discussed plus 1800 more 8-letter, two-line, 
single-reponse displays from Ss 1 and 3 were used in an attempt to 
classify the errors. A stimulus-response matrix was tabulated by 
pooling the initial responses from all the Ss. This is shown in
Table IV.
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An attempt was made to assess the importance of five types of errors 
which come readily to mind.
1) Doubles - both horizontal and vertical were very often missed 
(e.g. AABC or BACD)
DEFG EAFG
O2) Neighbors - that is transposition of adjacent letters such as 2 
and 38, 3®, and 78, etc. were also known to occur quite often.
(No analysis was made for diagonal neighbors such as 2^ and 5®,
38 and 6 ,^ etc.)
3) "Hard" and "easy" displays - some displays such as ILQL might be
particularly difficult to assimilate. CQGI
4) Confusions - of letter shapes such as 0 and Q, V and Y, B and R, etc
5) Missed - just wasn’t seen for one reason or another such as a 
blind spot on the fovea, improper eye focusing, blinking, etc.
It will be pointed out in the next section that these five types of
errors do not form a set of mutually exclusive classifications.
Methods of Evaluation and Results:
There were a total of 3341 responses tallied of which 57% (1909)
were correct and 43% (1432) wrong. Actually there should have been 3460
responses so that there was an omission error in the tally of 3.4%.
Two spot checks of the number correct indicated errors of 1.9% and 1.4%
in those tallies. From these two measures it would appear that the error
in tallying is 5% or less.
(1) Doubles - There were a total of 192 responses which involved
l
doubles, of which 64% (123) were incorrect. The values for the individual 
Ss are SI, 50%; S2, 86%; and S3, 55%. There was a larger percentage of 
incorrects for horizontal (68%) than for vertical (51%) doubles. All of 
these values appear to be significantly higher than the general average 
of 43%, errors.
32
Table IV
Stimulus-response matrix for letter recognition.
All of the responses from all three Ss were pooled.
Responses
Stimulus A B C D E F G H I J K L M N
A 128 4 1 2 3 4 1 3 3 5 5 6 3 1
B 3 78 3 6 6 7 4 5 3 2 1 6 3
C 4 4 53 1 27 2 3 1 1 2 1
D 3 11 3 64 1 4 4 3 1 1 2 2
E 2 11 2 81 8 2 4 4 1 3 2
F 3 2 1 6 76 4 3 6 2 2 4 3 1
G 3 1 9 3 2 63 3 1 1 7 1
H 3 4 3 1 2 86 5 2 2 3 7 8
I 4 1 1 2 3 2 129 1 2 13 3 1
J 1 1 1 2 1 2 1 4 97 2 2 1 2
K 1 1 5 2 1 1 3 2 59 3 4
L 3 2 1 2 2 9 2 1 118 5 2
M 3 2 1 2 1 1 2 1 3 1 55 3
N 6 2 3 2 4 4 10 1 4 10 77
0 1 2 2 1 2 11 1 5 6 3
P 1 2 2 1 3 5 5 3 1 1 1 2
Q 2 1 3 1 1 28 .2 4 1 5 2 4
R 6 14 1 2 1 1 1 10 2 3 3 5 5 5
S 4 5 1 3 4 1 1 1 2 2 2 2
T 1 2 1 4 2 2 1 3 4 1
U 2 1 2 1 1 4 3 1 1 2 1
V 3 5 3 2 3 6 1 3 4 4 1
W 1 2 1 2 3 2 1 3 1 3 6 1
X 1 1 1 2 4 1 2 3
Y 1 4 2 1 1 1 1 5 1 3 8 4
Z 2 1 2 1 1 2 2 2 2 1 1
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Table IV (cont.)
Responses
0 P _ Q _ R S T U V W X Y Z Total In Total out
4 4 3 2 2 1 4 2 191 A 188
3 4 2 9 10 3 2 160 B 161
9 1 2 1 3 1 1 2 1 3 123 C 96
1 7 1 2 2 3 1 1 118 D 99
2 1 2 4 4 2 2 2 1 2 4 146 E 126
18 2 1 5 2 1 1 2 1 146 F 125
24 4 6 2 1 1 1 2 136 G 173
2 2 17 1 3 4 1 4 3 1 2 166 H 152
2 4 2 1 2 4 1 178 I 197
1 2 1 2 1 2 2 2 130 J 134
1 1 3 1 1 1 1 1 2 2 96 K 102
1 4 1 4 2 2 3 1 165 L 201
2 1 4 2 2 2 5 5 98 M 141
2 1 3 4 2 1 2 1 2 141 N 128
80 1 8 1 1 1 1 1 128 0 168
3 66 1 4 1 2 1 2 2 2 111 P 117
26 35 4 3 2 2 2 118 Q 71
1 4 1 58 4 3 2 3 4 1 4 2 146 R 145
2 1 , 3 2 63 1 1 3 2 1 107 S 116
1 5 55 1 2 85 T 101
10 1 2 1 1 67 2 1 2 1 107 U 101
1 1 1 2 5 66 5 3 15 1 135 V 94
1 1 2 1 65 2 1 1 100 W 116
1 2 3 62 1 1 85 X 93
3 1 6 2 4 2 7 6 2 69 1 136 Y 110
1 2 1 3 3 1 2 59 89 Z 93
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(2) Neighbors - Errors were scored as neighbors if the initial response 
was correct for any of the adjacent letter positions either vertically or 
horizontally but not diagonally. No allowance was made for possible "neighbor 
confusion" errors such as an 0 response given when the stimulus was T but 
with a Q at an adjacent letter position. In order to detect a "confusion- 
neighbor" effect it would be necessary to use 3-dimensional matrices.
The neighbor errors were 27% of the total number of errors; however,
as pointed out in the previous paragraph this gives a low estimate of the
total neighbor effect. This effect can be indicated even within the
restricted scoring rules that have been set up. The 385 neighbors were
tabulated in a stimulus response matrix of 650 cells (26 x 26 - 26) and the
proportion of cells, Pr, containing exactly r responses was noted. If there
were no further neighbor effect, other than the 27% estimated, then the
distribution of should be random and fit a Poisson distribution with an 
385expectation of = 0.59 responses per cell. The results in table V 
indicate that P^ is not randomly distributed (note 4 = 0, 4 , 5, 6, and 7)
Table V
r 0 1 2 3 4 5 6 7
(predicted by Poisson distribution) .554 .330 .096 .019 .003 .0003 0 0
(actual) .616 .258 .082 .029 .011 .005 .002 .002
(3) "Hard" and "easy" displays - Considering the doubles and neighbors 
difficulty it seemed possible that some displays might be more readily confused 
than others. Each of 200 displays were shown a total of 4 times to S's 1 and 3. 
The 200 displays were shown in different sequences on 4 different days.
The letter positions asked for were also randomized for the 4 showing.
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If “hard” and "easy" displays were present, then the errors would 
not be randomly distributed among the displays; rather, there would be 
too many displays with zero errors and too many with 4 errors occuring 
in the 4 responses. The proportion, P^, of the displays having exactly 
r errors in the 4 responses was compared with the proportion predicted 
by a binomial distribution in which the probability of an error was the 
average number of errors found in the 800 displays for each S.
Table VI
Subject 1 - 40% errors
r 0 1 2 3 4
P^ _ (binomial) .13 .34 .34 .15 .03
P^(actual) .15 .31 .34 .16 .03
Subj ect 3 - 48% errors
r 0 1 2 3 4
P^(binomial) .07 .27 .37 .23 .05
P^ _ (actual) .08 .29 .33 .205 .095
From the results in Table VI there seems to be no sizeable effect 
for either S. The higher value of Pr (.095) for S3 would be accounted 
for by an error probability of 0.55. From this there appear to be 7% 
or less "hard" displays. This effect seems to be negligible.
(4-5) Confusions and missed - The errors in each matrix cell of 
table IV consisted of the sum of neighbors, doubles, confusions and 
misses. The neighbors described above were subtracted from table IV 
to give a new matrix of doubles, confusions and misses. The doubles 
were not subtracted since it was noted that quite often an error would
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be both a double and a confusion, e.g., GG'-^GC, BB— * RB, etc.
It was assumed that the resulting error matrix was the sum of two 
distinct populations; the misses distributed according to a Poisson 
distribution and the confusions distributed according to some unknown 
distribution function. If such is the case one would expect that some 
errors such as I —» 0 would be very unlikely whereas others such as Q ^ O  
would be quite likely and the resulting distribution should deviate from 
a Poisson mainly in having too many zero values and too many large values. 
Thus, if the Poisson v value was determined from,
for each P^ disregarding all other P^ values, the v»s would be large for 
values of r in which the confusions exercised a large effect (namely r=0 
and r > 5) and would be smaller and should approach the value for misses 
where the confusions had little effect. The lowest value found would thus 
be the least overestimate of v . to be obtained by this method. In
table VII this value is seen to be 0.47 errors./cel'l for r=l. Since for 
r=l the confusion effect is undoubtedly not zero this of course is still
Table VII
r 0 1 2 3 4 5 6 7 8
(Actual) .360 .294 .199 .074 .048 .018 .009 .005 .002
vr(calculated from Poisson) 1.02 0.47 1.08 1.10 1.5 1.6 1.9 2.1 2.3 
an overestimate of v„
The assumption that the error-matrix cells are populated by two 
distinct distributions one Poisson and one unknown, can be extended to
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determine the unknown distribution of the confusions. If P is the— —------------  c
proportion of cells containing confusion errors then the proportion of 
cells containing zero entries is 
(8) PQ = e'V (1-Pc)
Further if the confusion distribution is represented by
(9) P = 6, + B0 + B. ~+ 625
1-PC = 6 L o
25
2 6 . = 1
i=0 1
where B i s  the proportion of cells populated by _i confusion errors then
(10) P = e“VB0 o
- V  - VPn = v e B + e B.1 o 1
P = e r
- V
r r-i
2
i=0 (r-i)c. 6i
Thus for any given V the set of B.1s can be determined.
Distributions of B were determined for v = 0.20, 0.30, 0.40, 0.50,
and 0.80. From the results in table IVV, v = 0.50 and 0.80 would be
expected to give poor results and such was found to be the case. The
value of 0.80 gave 3^ = - .051 and 0.50 gave 3^ = - .001. Such results
are obviously incorrect. The results obtained with v = 0.30 are shown
in table VIII. By comparing the B and P values for r > 5 these resultsr r
seemed to be the most reasonable. In light of the fact that v = 0.47 
was known to be an overestimate, the 0.30 value seems to be of the right 
order of magnitude.
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Table VIII
r 0 __1 2  3 4 5 6 7 8 9
Pr «350 .286 .193 .072 .046 .018 .009 .004 .002 .004
Gr «471 .244 .166 .038 .043 .008 .007 .003 .001 .006
No. of cells
containing r misses .741 .222 .033 .003 .000
r___ 10 > 10
pr .006 .010
ß .006 .007
The average number of confusions plus misses was 1.63/matrix cell 
(obtained by subtracting the 385 neighbors from the 1432 total errors and 
dividing by 650, the number of matrix cells). If the expected number of 
misses is 0.30 per cell then the expected number of confusions is 1.33 per 
cell.
On the basis of the preceding the best estimates of the importance 
of the various errors can be summarized as follows:
Total total errors total responses = 43%
neighbors neighbor errors total errors 2= 27%
confusions confusion errors 60%total errors
misses misses errors total errors = 13%
"hard” and "easy" displays 7% or
doubles doubles errors total Roubles = 64%
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VI. LETTER RECOGNITION; B. REDUNDANT DISPLAYS*
The purpose of this experiment was to ascertain how human transmission 
characteristics are affected by an increase in redundancy at the input 
source. It follows from Shannon’s theorem on efficient coding that it 
should be possible to increase the redundancy at the source without 
reducing transmission so long as the stimulus uncertainty is not reduced 
below the transmission value. Of course, human transmission can not be 
considered strictly comparable to transmission by a channel with well 
defined stationary properties. Nonetheless, there was some reason to 
hope that man could and would act in a manner consonant with the 
principles of transmission in such a channel. An attempt was made to 
find a method of introducing redundancy at the source which would not 
reduce human transmission rates.
SUMMARY
As the redundancy of the display is increased the total transmission 
decreases even though the accuracy increases. For a decrease in stimulus 
uncertainty of 63% the transmission decreases about 30% while the accuracy 
increases about 90%. This amounts to about .15 bits/bit.
EXPERIMENTAL PROCEDURE
The technique utilized was the same as in the letter recognition 
experiment (section V). The subject was shown a two-line eight-letter 
display (diag. 2) for forty msec, and asked to identify the letters according 
to position (single response type). The data were taken and processed
* A.A.B.
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In the basic case the letters 
were chosen with 
equal probability 
at random from the 
letters of the 
alphabet.
1) letters chosen at random, but according to the frequency of their 
occurrence in English.
2) letters chosen in pairs, the first two letters of words as they 
appear in English. Such pairs will be referred to as initial 
diagrams. Each line of the display then consisted of a pair of 
initial diagrams.
3) each line of the pair was a four-letter English word.
These methods of introducing redundancy were chosen because it was 
felt that by approximating English the capabilities of the subject would 
be better utilized. In other words, displays were sought which would be 
compatible, efficiently coded in human terms.
Each kind of display was presented a total of one hundred eighty times 
to two subjects in three sessions, each containing sixty presentations.
The succession of sessions was randomized with respect to the four kinds 
of display.
STIMULUS UNCERTAINTY CALCULATIONS
The uncertainty of the redundant display (1) employing the letter
£
frequency of printed English is taken from Shannon's estimate of 4.14 bits
in precisely the same way as in section V.
1 2 3 4
V A I 0
u Y E T
5 6 7 8
Diag. 2
Redundancy was introduced at three levels:
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per letter or a total of 33.1 bits.
The uncertainty of the•redundant display (2) consisting of initial 
diagrams was estimated from the frequencies occurring in a sample of 2000 
words drawn at random from various texts. On the basis of this sample 
a value of 6.32 bits per diagram or 25.3 per display was obtained. 
Sampling bias was noted as follows:
H,.Q__Q_(bits) H,. Mean H,.diagram ' diagram diagram
First 500 6.05
Second 500 6.08
Third 500 6.09
6.11
Fourth 500 6.21
First 1000 6.19
Second 1000 6.29
6.24
Total 2000 6.32 6.32
The uncertainty of the redundant display (3) consisting of four-letter
words was estimated from the occurrences of four-letter words in the 
Thorndyke list. The Thorndyke and Lorge counts were pooled and the 
frequency of the more frequent words, absent in the Thorndyke account, 
was estimated by doubling the Lorge figures. The uncertainty calculated 
in this was was found to be 8.13 bits. The words actually used in the 
displays were not selected from English text, however, since the 
experimenter wished to use only the more frequent words. To obtain an
* Newman and Gerstmanl5 give the lower figure of 4.08 bits when periods 
and spaces are included.
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estimate of the uncertainty of the display the words of the Thorndyke list 
were divided into frequency classes and the uncertainty determined for these 
classes. In order to calculate H for the display, the experimenter*s sample 
was distributed into frequency groups and the weighted mean of the associated
uncertainties was taken as the uncertainty, H of the experimenter's
choice. ^worcj was f°und to be 7.15 per selected four-letter word, or 14.3 
per display.
It is interesting to observe in table IX how little the less frequent 
wo^ds in the Thorndyke list contribute to the four-letter word uncertainty,
Table IX
Frequency classes
(Occurrences of No. of Uncertainty % words 7> H
________ word)_________ words__________ H of class____
0 + 1150 8.13 100.0 100.0
50 + 1188 8.09 76.5 99.5
150 + 865 7.98 55.8 98.1
350 + 590 7.76 38.0 95.5
750 + 395 7.47 25.5 91.8
1550 + 214 6.89 13.8 84.8
3150 + 119 6.34 7.7 77.8
Table X
Frequency Group 0-49 50-149 150-349 350-749 750-1549 1550-3149 3150 +
Number of Selected Words 6 20_____ 36 38_______ 83 71 106
RESULTS
The datum computed was the equivocation or subjects' uncertainty as 
to the.input source. The method utilized was exactly the same as that in 
section V. The transmission is the stimulus uncertainty less the equivocation. 
The accuracy is the proportion of correct answers at the first response.
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It will be noted in table XI and fig. 8 that the transmission decreases 
even though accuracy increases. For the two subjects tested the following 
results were obtained:
Table XI
Subject A Subject B
Stimulus
Stimulus
Uncertainty
(bits)
Equivo­
cation
(bits)
Trans- 
miss inn 
(bits)
Accuracy
%
Equivo­
cation
(bits)
Trans­
mission
(bits)
Accuracy
7o
Random letter 
equal frequency 37.6 25.6 12.0 46.2 22.6 15.0 53.1
Random letter
English
frequency
;33.1 21.8 11.3 55.6 19.9 13.2 60.0
Initial
Diagram 25.3 14.2 11.1 71.9 17.8 7.5 60.6
4-letter
words 14.3 6.2 8.1 88.1 2.7 11.6 94.4
In no case did the subjects equal or better their transmission for 
the non-redundant display. The result may reflect either the inefficiency of 
the method of introducing redundancy or human inability to completely 
take into account the redundant attributes of the display.
These results are in contrast to those of Miller, Postman and 
18Bruner , who found an essentially constant transmission as display 
redundancy was varied. However, they investigated a lesser range of 
redundancy and utilized a different response technique (whole response 
type) and display geometry (single-line). Also, displays of varying degrees 
of redundancy were exposed in a random sequence, which was unknown to the 
S beforehand. In light of the results found in section V, these differences 
may well be due to the different experimental conditions.
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FIG .8a. TRANSMISSION AS A FUNCTION OF THE STIMULUS
UNCERTAINTY FOR P A R T IA L L Y  REDUNDANT DISPLAYS
F IG .8b . EQUIVOCATION AS A FUNCTIO N OF STIMULUS
UNCERTAINTY FOR P A R TIA LLY REDUNDANT DISPLAYS
45
VII. FLASH POKER*
(Playing card recognition experiment)
This is a collection of small experiments designed to specify some 
of the properties of the glance and also to investigate the possibility 
of time quantizations in human transmission. The components used were 
ordinary playing cards. The factors tested were
a. capacity: a measure of the amount of information which a human 
can assimilate in one glance and how this amount depends upon 
both the stimulus uncertainty and response information required.
b. filtering: determine if transmission associated with a glance 
exhibits selective transmission properties by varying the response 
information only and also by varying both stimulus and response 
uncertainties.
c. time: by varying the display duration determine the duration of 
the glance and also determine if any quantizations of the order 
100-250 msec, exist. By treating time as a variable determine the 
effect of uncertainty of exposure duration on the maximum transmission 
value.
Studies of learning effects and the variability of individual transmission 
values were also made.
SUMMARY
(1) Plots of information transmission as a function of stimulus 
uncertainty are similar in shape to those found in previous experiments 
in this series.
(2) The first two components are transmitted almost perfectly.
* L.A.
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(3) As components are added, there is an average increase in the 
total transmission of 1.0 bits/component added, i.e., .20 bits/bit, 
for displays of 3-8 cards.
(4) The apparent maximum transmission for these displays appears to 
be about 16 bits.
(3) Display uncertainty is the most important factor in determining 
the total transmission.
(6) The display geometry seems to influence the maximum transmission 
value very little providing the visual angle subtended by the display 
is not too large.
(7) In general, more can be transmitted about a single component than 
can be transmitted about the same component when the response consists 
of all the components reported in sequence.
(8) The Ss show little evidence of any filtering (i.e., selective 
transmission) properties for display durations of 100 msec.
(9) From the behavior of the ratio of transmission due to suits over 
transmission due to numbers for different flash durations, filtering 
apparently occurs only for exposures longer than 200 msec.
(10) The duration of the initial quantum or "glance" appears to be 200 
msec, or longer. The uptake of the input information is extremely 
rapid since about 90% of the information which can be transmitted 
following exposures of 40-200 msec, is assimilated in the first 10 msec.
(11) The introduction of time as a random variable reduces the 
transmission performance, on the average, by 5% or less. For S2, 
who is common to this and the letter experiment, the reduction again
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seems to be about 15%, so that this effect seems to be characteristic 
of this S.
(12) Position as a random variable produced little change in the
I'
transmission values.
(13) Two- S's showed a learning effect of less than 10% during the 
three months duration of the experiment.
(14) The standard deviation of individual transmission values obtained 
from a given S under identical experimental conditions is 5-7% of
the transmission value.
(15) The amount of information assimilated during a flash of 100 
msec is apparently significantly lower than that for either 40 or 
200 msec.
EXPERIMENTAL PROCEDURE
Displays of 1,2,3,4,5,6,8 and 10 playing cards were made up using 
the aces and cards bearing the numbers 2 - 1 0 .  Only the aces and number 
cards were used as it was apparent in the first few trials that for such 
short display durations it was extremely difficult to identify both the 
value and suit for the face cards. Six decks of regular playing cards 
( 6 x 9  cm) were shuffled thoroughly so that the occurrence of any card 
at any position was equiprobable. The geometry used for the various 
displays is shown in diag. 3; this geometry was decided upon as the 
result of a small preliminary experiment (P-2).
1-card 2-card 3-card 4-card .. 5-card 6-card
Diag. 3 The maximum dimension of the above
displays corresponds to a visual angle of 4-5°.
ITT 11 | 2 | or |T
1 2
3 4 5
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The optimal subject-display distance was determined separately for each 
S (in expt. P-3).
The display board consisted of an 120 x 185 cm non-reflecting black 
composition board with an area 18 x 30 cm in its center painted with 
"Nite-Glo" phosphorescent paint. The playing cards used to make up the 
displays were suspended within this phosporescent area; the phosphorescent 
area both outlined the cards and acted as a fixation background. It was 
suggested to the S that he fixate on the center of the display.
The S was provided with a writing area lighted by a 15 watt "safe-lite". 
This safe-light was on at all times except for a 4 second period just 
preceding and during the exposure. The safe-light was to aid the S in 
recording responses and also to prevent perfect dark adaption which would 
decrease color discriminability causing reds and blacks to be confused.
Two seconds after the display was flashed the S was directed to record 
information about a single card from the display, (e.g., in the 5-card 
display "lower center", "upper right" etc). The particular position asked 
for was not known to the S until 2 seconds following the completion of the 
exposure and the position asked for was randomized such that all positions 
were équiprobable. Depending upon the experiment the S was asked about suits 
only, about nos. only, or about both nos. and suits.
The S recorded his response both on a score pad and verbally, after 
which he \*as told the complete display, which he also recorded on the 
score pad.
In the analysis and final tabulation of results the various card
positions were numbered as indicated in diag. 3. Thus in the 3-card
3 3 6display top = 1 , lower right = 3 and in the 6-card display top center = 2 ,
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lower left = 4 , etc. This numbering system was used only for convenience 
in tabulating and any reference to it was purposely omitted in the 
presence of the subjects to avoid introducing any prejudice as to relative 
importance of the various letter positions.
As cán be seen in Table XII, three sets of experiments were run; a 
"quick-and-dirty" preliminary set (P-series), a set which was supposed 
to be final (F-series) but which during the analysis was found to have 
some design flaws, and the concluding set (C-series). The F and C-series 
were comparable in many respects and differed mainly in the sequence in 
which the individual experiments were run.
- The F-series were originally designed to be the final runs.
However, the whole series required three months to complete.
Since the individual experiments in the series were run in 
sequence, i.e., all of F-l followed by all of F-2, followed 
by all of F-3, etc; it was feared that comparisons of values 
between F-l and later experiments such as F-2, F-3, F-6 and 
F-7 might yield spurious results due to learning.
- The C-series pretty much duplicated the F-series except that 
experimental designs were utilized to minimize any learning 
effects. For example, fractions of C-l, C-2, C-3, C-6 and 
C-7 were run concurrently in randomized sequence and similarly 
for C-4 and C-5, etc. This series is somewhat larger than 
the F-series since it includes some further studies suggested 
by the analysis of the F-series.
Subjects 1 and 4 were laboratory personnel and were used for the P- 
experiments; they were also used in three of the final experiments.
Subjects 2,3,5,6, and 7 were students supplied by the Student Employment 
Agency (three graduate students and two undergraduates ). Subject 2 is the 
same as subject 1 in the letter recognition experiment. Subjects 1, 2, 3,
* Subjects 2 and 6 were quite alert and conscientious, S3 was not so
highly motivated and at times was quite lackadaisical in his performance; 
and Ss 5 and 7 seemed to be about average in their overall interest 
and effort.
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P-1 2 10 0.52 200 100 1,2,3
4,5
suits and nos. 
(single-all)
response
complexity
P-2 2 10 0.52 100 100 2,3,5 suits and nos. display
geometry
P-3 4 40 0.13 120 100 3 suits and nos. optimum
distance
F-l 4 20 0.26 420 100 1,2,3
4,5,6
suits and nos. capacity
F-2 4 20 0.08 400 100 2,3,4
5,6
suits only filtering - 
suits only
F-3 4 20 0.18 400 100 2,3,4
5,6
nos. only filtering - 
nos. only
F-4 2 10 0.52 360 variable
random
6 suits and nos. time - 
randomized
F-5 2 10 0.52 360 variable 6 
non-randomized
suits and nos. time -
non-randomized
F-6 2 20 0.08 160 100 3,5 suits only stimulus 
uncertainty 
suits only
F-7 2 20 0.18 160 100 3,5 nos. only stimulus 
uncertainty 
nos. only
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C 1 2 20 0.26 1060 100 1,2,3,
4,5,6
suits and nos. capacity
C 2 2 20 0.08 260 100 3,5 suits filtering - 
suits only
C 3 2 20 0.18 220 100 3,5 nos. filtering - 
nos. only
C 4 2 10 0.52 360 10,25,100 6 suits and nos. time -
200,500,2000 randomized
C 5 2 10 0.52 360 10,25,100 6 suits and nos. time -
200,500,2000 non-randomized
C 6 2 20 0.08 30 100 3 suits stimulus 
uncertainty 
suits only
C 7 2 20 0.18 50 100 5 nos. stimulus 
uncertainty 
nos. only
C 8 2 20 0.26 480 100 6,8,10 suits and nos. capacity
C 9 2 10 0.52 480 10,25,100 6 suits and nos. total exposure
200 flux
C 10 2 10 0.52 1160 10 4,6 suits and no s. position
randomized
C 11 2 20 0.26 300 100 3,6 suits and nos. transmission
reproducibility
C 12 3 20 0.26 300 0 3,6 suits and nos. bias correction
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and 4 were used in the F-series and 1, 5, 6, and 7 in the C-series. Subjects 
were not run longer than one hour at any single session.
ANALYSIS
In the analysis, information transmitted regarding suits was treated 
independently from that regarding numbers. This will give a correct result 
if man treats suits and numbers as independent dimensions of information; 
this seems to be the case. Treating transmission due to suits, T , and 
transmission due to numbers, T , as dimensionally independent means that 
T^ and Tg can be calculated independently and summed to yield a total 
transmission value, Tfc;
(11) T = T + Tt n s
Tn is evaluated by pooling errors of equal numerical magnitude into
error classes. The number of errors, y^, in each error class is then
converted into a corresponding frequency, y . /2 y..
i
The function used for calculating Tn is
(12) T (in bits) = H(in) - H (in)n 7 7 outv 7
where H t(in) is the uncertainty of the input knowing the output.
(12a) H(in) = log2 10 = 3.32 bits
and HQut(in) is calculated from the set of error frequencies, y , according to 
(12b) Hout(in) = " 2 ^ yj/? yi.) 1§2 (yi^? yi ^i i
so that
(13) Tn(bits) = 3.32 + 2 [(y./E y.) lg2 (y./S y.)]
i i i
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Tg is evaluated by the matrix method, i.e.,
r + 2  * /e e  x i i ) i 82 &  x i i ^j i J ij J i J ij J
(14) T ■ - ( + 2  (E x../EE x. .) lg (2 x../EE x..)ij . . iji J ij
E  /
J ij r
V
- E E  (x../EE x..) lg (x../EE x..)• • ij • • ij 2 ij . . ii/i l  i j  i j  y
where x^^ is the population in the ijth cell of the stimulus-response 
matrix for suits.
The values of T are biased due to sample size. This bias has been 
calculated using the Miller-Madow approximation given in equation (3).
As was pointed out in section III (bias estimation) some care is required 
in applying this bias term since the theoretical and the effective 
degrees of freedom may differ markedly. Using Monte Carlo techniques 
it was determined that the effective degrees of freedom for our 
experimental situation was 2.2 for the suits’ matrices and 4.9 for the 
numbers error categories. The bias values for the individual experiments 
are listed in Table XII.
Transmission performances have been calculated for each of the card
positions in all of the displays used; these values have further been
1 2  6summed to furnish transmission values for the complete displays, T , T ,...,T . 
These various values have been plotted in figures, 9-15.
EXPERIMENTAL RESULTS
In addition to experiments designed to attempt to characterize the 
three properties of the data gathering mechanism, (a) capacity, (b) filtering,
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(c) time; a number of short preliminary experiments were run using laboratory 
personnel in order to find the experimental setup which would yield the 
highest transmission values. Determinations were also made of the experimental 
variability of transmission values.
a. Preliminary; In expt. P-1 maximum transmission values were compared 
for the reporting of only one card from the complete display and for the 
sequential reporting of all the cards in each display (3 and 6-card displays). 
The single card response gives a maximum value at least 50% higher than the 
average transmission/card resulting from a response of the whole display and 
thus the single card response technique was used in all subsequent experiments.
The display geometry was varied in expt. P-2. One geometry consisted 
of all of the cards in a single straight horizontal row and the other geometry 
consisted of the cards in a rectangular or pyramid configuration as shown 
in diagram 3. The larger the number of cards in a display, the better was 
the comparitive performance using the second type of geometry; thus the 
second geometry was used in all of the succeeding experiments.
In expt. P-3 the subject-display distance was varied for Ss 1 and 4.
The transmission values were not sharply peaked at a particular distance, 
rather there was a fairly broad transmission optimum extending over a range 
of 2-3 ft. It was also found that the optimum ranges for the two Ss did 
not coincide.
As a result each new S was first given three hours of training and then 
was run on expt. P-3 where his optimal distance was determined. This optimal 
subject-display distance was then maintained in all succeeding experiments 
involving that S (S^, 7.5 ft; S^, 8.0"; S^, 7.59; S^, 7.0'; S^, 7.5';
S6, 8.0?; and S?, 7.0’).
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b„ Capacity: Data from experiments F-l, C-l, C-8, and C-10 were
used to evaluate the capacity, i.e., the maximum T^. The only variable 
was the number of components (number of cards). A plot of transmission per 
display as a function of the stimulus uncertainty, Fig. 9, shows a similar 
type of behavior to the typing, music, spot location, and letter recognition 
(random displays) studies, i.e., almost perfect transmission for "low” 
stimulus uncertainty (1 and 2 cards) followed by a "medium11 range (3-10 
cards) in which the transmission is either roughly constant (S2 has an 
almost constant transmission of 7 bits) or else increases slowly with the 
addition of new components. The average increase in transmission in 
this range is seen in fig. 9c to be 1 bit/added component or 0.2 bit/bit 
increase in the stimulus uncertainty. The increased transmission 
resulting from the addition of a component is due both to an overall 
decrease in the transmission for each of the components present and to 
the amount transmitted for the new component.
It is not definite whether maximum transmission values were ever 
reached in these experiments. The plots in fig. 9a suggest that all 
four S’s in expt. F-l may have reached "plateau5s"; however, a comparison 
between these results and those of S6 in expt. C-l, indicate that their 
transmissions might have risen again if more components had been added.
The results of C-8 suggest that a constant transmission value of about 
16 bits was probably reached by S5s 5 and 6.
Although the curves in fig. 9 are similar to those found in the
previous experiments, there is no suggestion of a drop-off in transmission,
even for the displays having the largest number of components. The
behavior of T and T is in general the same as for T .s n t

FIG. 9c . POOLED DATA FROM SUBJECTS 1,3 , 4 , 5 , 6  FOR E X P TS  F - l ,  C - l ,  AND C -8 ,C - I I .
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In general the average transmission/card is larger for the ’’top-row”* 
cards than for the "hottom-row" cards (18% larger for 60% for S2; 30% 
f°r 42% for S^; 85% for S,., and -5% for S^), and is larger for the 
"left-hand" than for the "right-hand" cards (3% for 39% for S2 and S3; 
9% for S^; -15% for S^; and -17% for S^). Although there is a marked 
difference in transmission between left and right, center and outer cards, 
etc. for some of the S's; except for S5, the transmission seems to be more 
uniformly distributed over all components in the display than was the 
case in the letter recognition experiments (table VII).
There are at least two possible reasons for the average transmission 
per card to decrease as the number of components increases: (1) the increase 
in stimulus uncertainty causes less to be transmitted about each individual 
component due to a "confusion" effect, or (2) as components are added the 
visual angle subtended by the display increases with a resulting loss in 
peripheral discrimination. Experiment C-10 was designed to discriminate 
between these two possibilities. In this expt. 4 and 6-card displays were 
used; the usual 4 and 6-card displays and also 4-s constructed from 6-s 
by turning two of the cards back out. Of the fifteen possible pairs of 
cards which could have been reversed, eight of the combinations were tested
/i 6 / 6 -,6 6 6 6 6 ,6 c 6 A6 6 6 6 6 „6 ,6, _(1 -4- , 1 -2 , 1 -5 , 1 -6 , 5 -6 , 2 -5 , 3 -6 , and 2 -4 ). The 
effect of position as a random variable was also tested by comparing the 
results obtained when the S knew (position-known) which pair of cards would 
be reversed in each display against when he did not know (position-unknown).
If the transmission is predominatnly a function of display uncertainty 
then the transmission from the composite 4-card displays should be the same 
as from the regular 4-card; whereas, if the visual angle dominates the
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transmission characteristics then the composite 4-card transmission
should be significantly lower than that for the regular 4-card displays.
6 6This effect should be most pronounced when the two center cards, 2 and 5 ,
are reversed; if the visual angle is the predominant factor, then the
composite 4~card transmission should be the same as the transmission from
positions 1 ,^ 3^, 4^ and 6  ^ in the regular 6~card display.
Average results for the two S”s used in C-10 are shown in table XIII
and a comparison of transmission values for the various card positions
6 6for the 2 -5 composite display is shown in table XIV. From the results 
it seems that neither of the two factors completely dominates the transmission 
characteristics for S^; however, the display uncertainty seems to be much 
more important than the visual angle. For the visual angle seems to 
have little influence for the size displays used and the display 
uncertainty decides the character of the transmission. Position as a 
random variable seems to have little or no effect on transmission.
c. Filtering: Experiments 2, 3, 6, and 7 in both the F and C-series 
were used to evaluate filtering by comparing the results with those from 
F-l and C-l.
Two factors were varied:
i) response information - displays similar to those in F-l and C-l 
were shown but the number of attributes required in the response was 
reduced from two to one, as follows:
Experiment Attributes required in responses
F-l, C-l suit and number
F-2, C-2 suit only
F-3, C-3 number only
F-6, C-6 suit only
F-7, C-7 number only
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Table XIII
Average Transmission values for S's 5 and 6 in experiment C-10. The 
composite 4-card displays were formed by placing a pair of cards in a 
6-card display backside out.
fs fe
Regular 6-card 14.2 16.4Regular 4-card 
Average for all 10.5i 12.3
Composite 4-card displays! 10.6 + 0.9 11.5 + 1.2Ave. for position-known “1
Composite 4-card displays![ 10.8 + 1.0 11.3 + 1.4Ave. for position unknown-l
Composite 4-card displays 1 10.0 + 1.4 11.7 + 1.0
Table XIV
Comparison of Transmission values from corresponding component positions 
in C-10. The composite displays were made by reversing 2^ and 6 .^
_i£ j t Total
Regular 4-card 3.9 3.8 1.3 1.5 10.5position-unknown composite 3.2 3.5 1.4 1.6 9.7position-known composite 3.0 2.7 1.5 1.7 8.9regular 6--card f2.3 2.9 1.8 1.2 8.2]
1[1.8 3.3 1.7
£6
2.1 8.9J
_i£ _3f . j t _ i_ Total
Regular 4-card 2.7 2.7 3.4 3.5 12.3position-unknown composite 2.8 2.6 3.3 3.1 11.8position-known composite 3.5 2.7 3.0 4.1 13.3regular 6-card t"2.4 2.1 3.1 1.7 9.3)
12.4 2.0 2.2 1.4 8.oj
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ii) stimulus uncertainty - In F-l, C-l, F-2, C-2, F-3 and C-3 the 
stimuli were constructed completely randomly and thus were of maximum 
uncertainty. In F-6, C-6, F-7 and 0 7  the stimulus uncertainty was 
reduced by making one of the attributes completely redundant.
In F-6 and 0 6  only cards with the number five were used.
In F-7 and 0 7  position 1 was always a spade, position 2, a heart,
3 a spade, 4 a heart and 5 a spade.
The data from these experiments are plotted in figs. 10 and 11.
The transmission values for corresponding displays from the various 
experiments assume very nearly the same values (usually the individual 
values agree to within 10-20%). S2 shows an average increase of 17% 
in overall transmission for displays in F-2, F-3, F-6 and F-7 compared to 
the corresponding displays in F-l. Other S’s showed either negative or 
no effects (S^, -19%; S^, 0%; and S^, -6%). The increase for is 
probably due to learning, since it was found in comparing values from 
F-l and the 100 msec group in F-5, that increased his performance 
by about 407».
The relative performances of all the Ss for only the 3 and 5 card 
displays indicate that a small degree of filtering may occur as the 
number of display components increases -- e.g. the average increase in 
transmission for the 4 S's is -6% for the 3-card displays but + 9% for the 
5 card displays.
These data offer little or no evidence that any filtering is associated 
with the data gathering mechanism. This would indicate that if and when 
selective transmission properties are found, they are likely to be under 
the control of the data processing mechanism. This selectivity could be
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accomplished either completely within the data processing unit or possibly 
by some feedback interaction between the data gathering and processing 
mechanisms.
d. Time: Expt. F-4, C-4, F-5 and C-5 were designed to test the effect 
on the transmission value both of varying the display duration and also 
treating the display duration as a random variable. Six different 
durations were used -- 10, 40, 100, 200, 500, and 2000 msec. In F-4 
and C-4 the display durations were completely randomized so that for any 
given display the occurence of any one of the six durations was equiprobable. 
In F-5 and C-5 10 displays were shown at each duration and then 10 more 
at another duration and so on until 10 displays had been run at each of 
the six durations; however the S always knew the display duration that he 
would be shown next. The average results for the four S's are shown in 
figure 12a.
From these data the duration of the "glance" is greater than 200 
and less than 500 msec. It is probably quite close to 200 msec. The 
uptake of information is extremely rapid since 95% of the information
which can possibly be assimilated in 200 msec, is present after 400 msec.
4Coonan and Klemmer found a similar though not quite so pronounced effect.
There is an increase in the transmission for the 2000 msec, exposure 
as compared to the transmission for 500 msec, of about 35%. This is in 
contrast to a 5% drop found for the same conditions in the letter 
recognition study. The curves in fig. 12 are not all similar to the curves 
in fig. 7a. This would seem to be a difference between experimental 
conditions rather than between S's, since the one S is common to both 
experiments, and his results for the present experiment (fig. 12b) are
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Fig. 12a. Average Transmission As A Function Of Display Duration For 
Subjects 2 , 3 ,5  And 6
Fig. 12 b. Transmisson As A Function Of Display Duration For Subject 2
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also dissimilar to those in fig. 7a.
There is a suggestion in the present data that some effect is causing 
a reduction in transmission for the 100 msec, duration with respect to the 
transmission found for 40 and 200 msec. This effect seems to be true for 
all S’s.
It was noted for the one S in the letter recognition study that the
transmission values for time unknown, T , were not the same as those foru
time know, T^, but that the ratio of the two, T^/T^ approached a value
of 0.85 in the time range 40-2000 msec. The values for this ratio are
shown for all the S's in fig. 13 along with the values for S2 obtained
in the letter recognition study. The values for the ratio vary more in
the present experiment for S2 than they did in the letter experiment.
However, the average value is almost the same (for the letter experiment
0.87 + 0.03 and for this experiment 0.83 + 0.09). The other S's do not
duplicate this behavior, rather the average values lies near 0.96
except in the 100 msec. case. Thus time as a variable decreases the
average transmission performance by very little, if at all; however
for one S the effect may be as much as 15%.
It appears from fig. 12a that almost all of the increase in
transmission with increasing display duration is due to an increase in
T^, since Tg remains very constant over the whole duration range. If
transmission for each attribute were proportional directly to the
uncertainty for that attribute, then T /T should assume the "ideals n
ratio" 0.60, (i.e., lg2 4/lg210 =2.00/3.32 = 0.60).
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The ratio T^/T^ is plotted as a function of display uncertainty in 
fig. 14 and as a function of the flash duration in fig. 15. (Data for fig. 
14 are taken from expts. F-l, C-l, 0 8  and Oil, data for fig. 15 are 
taken from expts. F-4, F-5, 04, and 05). The graphs show that the ratio 
seldom assumes its "ideal value".
In fig. 14 it can be seen that for a display duration of 100 msec.
the ratio increases as the display becomes more complex, i.e., T increases
relative to T^. For low display uncertainties (up to about 10-12 bits)
where transmission is almost perfect, T /T is necessarily near thes n J
"ideal value" of 0.60, whereas for display uncertainties of more than 20
bits, T /T assumes a relatively constant value of about 0.85. s n
For the shorter flash durations (10, 40, 100 and 200 msec) the 
value of the ratio tends to be larger than the "ideal value". At 2000 msec, 
the ratio is less than ideal. For "infinite" display duration transmission 
would be perfect and the ratio would assume its "ideal value".
In experiment 09, both the exposure duration and the light intensity 
were varied so as to hold the total flux constant at all the durations 
used. The light intensity was controlled by varying the shutter aperture.
In one case the total flux was maintained constant for exposures of 10,
40, 100 and 200 msec. This total flux was the same as that used in C-4 
and 0 5  for the 10 msec, exposures. In a second case the total flux 
for 40 and 100 msec, exposures was held constant at the amount used in 
C-4 and 0 5  for the 40 msec, exposures.
The transmission values were found to be independent of the total flux 
values used; rather, they were a function of the flash duration. The 
values in 0 9  agreed with the values for the corresponding display durations
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in 0 4  and 0 5  to within 10% and further the values in 0 9  involving 
reduced light intensities are not consistently lower than those in 0 4  
and 05.
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Again the transmission values for 100 msec, were lower than those 
for 40 or 200 msec.
Variability of Transmission Values. At the conclusion of the foregoing 
experiments two additional experiments were designed to measure the 
variability of transmission estimates. In experiment O i l  multiple 
determinations were made of the transmission from 3 and 6-card displays. 
The results yielded an estimate of the variance for individual 
transmission values and also by comparison with the results from C-l 
yielded an estimate of the learning which occurred over a span of 3 
months.
From the results given below the standard deviation of the estimates 
seems to be 5-7% of the transmission values. The effect of learning on 
S,- over the course of the experiments is 10% or less, and for appears 
to be negligible.
Table XV
C-l
Ave. for 3-card displays (3)
ave. for 6-card displays (2)
• C-ll
ave. for 3-card displays (4)
ave. for 6-card displays (3)
9.7 + 0.5 12.5 + 0.2
13.0 + 0.4 14.8 + 0.2
10.3 +0.7 11.6+0.7
14.4 + 0.5 15.8 + 0.7
Check for Uncontrolled Sources of Information. In addition to the bias 
terms mentioned in section III, it was feared that an additional term
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might have been introduced by the experimental. procedurea-usacL. Twa. 
possibilities were envisaged which might cause too high, transmi-saion 
values (1) the writing light cast too much light and allowed, aome degree 
of discrimination before and after the flash and (2) the decks of cards 
were only shuffled periodically rather than before each display so 
that the S could possibly remember cards which had already occurred and 
thus the possibility of occurence was not quite équiprobable.
In experiment 0 1 2  3 and 6-card displays were presented with each 
experimental detail identical to those in C-l except the projector lamp 
was not on, so that no flash occurred. If the above factors were negligible, 
the true transmission should be zero and the transmission estimates 
obtained in 0 1 2  should be equal to the bias values for random distributions 
associated with the sample sizes used. As was pointed out in section III 
the bias values depend upon both the sample size and the effective degrees 
of freedom. As a result the bias terms for O l  and 0 1 2  2ill differ even 
though the sample sizes are the same. In 0 1 2  the suits bias should be 
.325 (9 d. of f.) and numbers .649 (18 d. of f.). The transmission values 
measured were
Table XVI
Suits Numbers
Subject 1 .34 + .13 .03 + .11
Subject 5 .40 + .14 .16 + .24
Subject 7 .41 + .11 07 + .19
The suit*s values seem to be in good agreement with the Miller-Madow 
predictions, and apparently the two factors mentioned above (writing
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light and infrequent shuffling) affect them by less than 0.1 bits/component. 
The values for numbers are much lower than predicted. This happens, 
because many of the transmission values for the individual components 
are negative. This occurs when the number of populated response 
categories exceeds 11. How this results in negative transmission can be 
seen by examining eqns. 9 and 10.
The numbers' results thus indicate that the method of error 
magnitude is inappropriate when such a large number of the response 
categories are populated. In such a random response situation it would be 
necessary to use large sample sizes and a matrix evaluation.
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VIII. GENERAL DISCUSSION*
Based upon this set of studies the following characterization of the 
three properties (of the data gathering process) cited in the introduction 
can be made.
a. Capacity
(1) Stimulus uncertainty: Plots of transmission versus stimulus
uncertainty show the same type of behavior as that found in the typing, 
music and similar experiments, i.e., for "low** stimulus uncertainty (less 
than 3 components or 15 bits) almost perfect performance, for 'Medium*' 
stimulus uncertainty (3-8 components or approximately 15-35 bits) a slow 
increase in the total transmission for each added component, and for "high” 
stimulus uncertainty (above 35 bits) constant transmission or a slight 
drop-off of performance. The transmission values in the "plateau” regions 
vary from 7-18 bits among the various Ss, but the general shapes of the
individual curves are similar from S to S and similar to the curves forV: s; # l 9the typing and music studies ’ . The maximum expected transmission is about
§:\
18 bits.
The same general curve shape results whether transmission values for 
the individual variables making up the display components or transmission 
values for the display components themselves are plotted against stimulus 
uncertainty. For the letter studies involving redundant displays the 
stimulus uncertainty lies completely in the "medium” and "high" portion of 
the curve and the relationship among the transmission values is very 
similar to that found in the same regions for the non-redundant displays.
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However, the increase in transmission in the--"medium1!, uncertainty range 
varies considerably for the three types of displays:. random letter.,,
0.35 bits/bit; redundant letter, 0.15 bits/bit; and playing card, 0...20 
bits/bit.
The transmission values in the plateau region vary among Ss, but seem 
to lie in the same range for the three display types used (random letters, 
redundant letters and playing cards). This is of interest since the 
stimulus uncertainty is achieved by varying different factors in the three 
cases. The standard deviation of the estimates of the plateau values is 
20-257» of their respective average values. This is much greater than the 
5-7% standard deviation of the transmission values for a single S on a 
particular display.
For the size displays used in these experiments the total display 
uncertainty appears to be the predominant factor in determining the 
transmission characteristics. From studies of position as a random 
variable it appears that within the size limits of this experiment, the 
visual angle exerts a very small influence on transmission.
The results of the letter recognition tests can be correlated with 
results obtained in testing the effect of letter grouping on typewriting 
performance. Sequences of random letters were displayed grouped in 
"words" of 2, 3, 4 and 6 letters. Three typists were so tested; there 
was no marked effect on group size on the objective performance, but all 
of them reported a subjective effect. They all established the same 
habit of reading one word ahead of their typing; all three found that 
they could do this with 2, 3 and 4 letters, but not with 6 letters. One 
S read 6-letter words methodically as two syllables. These subjective
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experiences suggest the presence of a storage device with a capacity of 4 
random letters or about 19 bits, for four logons, plus some lesser space 
for various background information. It is plausible to find the total 
storage capacity higher than any found with flash exposures, because the 
storing takes place under control of the S.
(2) Response information; It was found that for the size displays used, 
an average of 25-50% more information could be transmitted about a single 
component than could be transmitted about the same component when all the 
components of the display were required.
(3) Display geometry: The display geometry appears to affect the
performance for individual component positions much more than it affects 
the total display transmission. It becomes a limiting factor when the 
dimensions of the display become very large.
When the stimulus uncertainty lies beyond the range of perfect 
transmission, the addition of another component to a display causes the 
average transmission per component to drop so that the transmission for 
the total display remains relatively constant. All components are not 
affected proportionately, however, as there is a positioning effect within 
the displays, e.g., performance on top row components is usually better 
than performance on botton row components and left better than right,
b. Filtering
Comparing the results for the situations where only a single attribute 
was required in the response as opposed to the complete component being 
required, gives no evidence of any filtering associated with the “glance**. 
Further evidence against the possibility of filtering being associated 
with the "glance** is the fact that making specified attributes in each of
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the components completely redundant does not increase the performance.
c. Time
The best estimate of the duration of the glance seems to be 200 msec. 
The uptake of information is so rapid that about 90% of the information
I J
that can be assimilated in 200 msec, is available in the first 40 msec, 
of that time. In a single case there seemed to be a linear relationship
I i
between display duration and transmission.
The introduction of display duration as an experimental variable 
reduces the transmission performance by about only 5% from the 
transmission when display duration is non-randomized. However, the effect 
on one S (out of 4) was about 15%.
d. Interaction of components.
In addition to the above properties, one of the most interesting
features at the cortical phase of the d.g.m. is the manner in which
information elements interact during their assimilation. It was pointed
19out in a previous report that such interaction "is most likely to occur
I
in some immediate storage device in which the results of a perceptual 
act appear as units'®. In the same report a symbolic representation was 
given of a unit which accounted very nicely for the results of the scale 
reading experiments. The scheme was originally devised to explain the 
behavior of the transmission values for the individual scales within a 
multi-scale display1. In addition it was found that the predictions for 
the total display transmission also fit the observed data quite nicely 
(fig. 19).
In this scheme "the limiting component is a temporary storage device. 
It has one storage compartment for general use with an information capacity
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of 2.5 bits and six compartments for storage of information associated with 
single logons (or sub-units); of these four have a capacity of 1.7 bits 
and two of 1.0 bits." Such a scheme can be represented with the flowerlike 
structure (which will henceforth be referred to as a "daisy1*) shown in
major petals - 1.7 bits each 
center - 2.5 bits 
minor petals - 1.0 bits each
Figure 16 Perceptual daisy for scale reading
The daisy is filled as follows: "each information element entering occupies
the best available separate storage element (petal), with excess information 
spilling over into the general compartment (center). All elements compete 
for space in the common element (center) in proportion to their information 
content." Thus in an 8-component display the four most preferred components 
would each occupy one of the major petals and 1/8 of the center; the next 
two components one of the minor petals and 1/8 of the center each and the 
two least favored components would each occupy only 1/8 of the center.
Predictions based on a daisy of the same shape but 1.6 times as large 
(fig. 17) were found to give excellent agreement with transmission values 
from single components in the letter recognition experiments for S's 1 and 3. 
The total transmission values also agreed excellently as can be seen in 
Fig. 19.
fig. 16.
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Figure 17 Perceptual daisy for letter recognition
The predicted values are given in table XVII and can be compared to the 
corresponding experimental values given in table II.
Table XVII
Predicted Transmission Values for Letter Recognition
no. of letters Position
in display 1 2 3 4 5 6 7 8 Total
2 4.7 4.7 9.4
3 4.2 4.2 4.2 12.6
4 3.8 3.8 3.8 3.8 14.2
5 3.6 3.6 3.6 3.6 2.4 16.8
6 3.5 3.5 3.5 3.5 2.2 2.2 18.4
8 3.3 3.3 3.3 3.3 2.1 2.1 0.5 0.5 18.6
Three daisies were used in an attempt to fit the playing card data 
(fig. 18): one with 4 major petals and 2 minor ones, one with 4 major 
and 3 minor and one with 3 major and 5 minor petals. The 6-petal daisy, 
which was 1.5 times as large as the one for scale reading gave only 
fair agreement with the individual transmission values and, as can be seen 
in fig. 19, only fair agreement with the average total transmission 
values. Much better agreement was given by either 7 or 8 petals. Both 
of these daisies gave about equal agreement between predictions and
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transmission values for the single components; however, the 8-petal form 
gives a little better fit to the average total transmission values.
Figure 18 Perceptual daisies for playing card recognition
(
The predicted values are on the basis of one component to each petal 
and not one attribute (logon) per petal. Without changing the daisy 
structure drastically it was not possible to find a workable daisy when 
one attribute only was stored in each petal. This is consistent with 
the fact that no filtering was found for the short display durations.
Table XVIII
Predicted Total Transmission Values for Flash Poker
No. of letters 
in display
No.
6
of petals in 
7
"daisy"
8
Actual Experimental 
values
1 5.0 5.0 5.0 4.5+ 0.6
2 8.3 8.5 9.0 8.8 + 1.3
3 10.7 10.5 10.5 10.7 + 1.4
4 13.1 12.5 11.5 11.6 + 0.7
5 14.6 13.5 12.5 11.8 + 1.2
6 16.1 14.5 13.5 14.2 + 1.6
8 16.1 15.5 15.5 15.8 + 0.6
10 16.1 15.5 15.5 17.1 + 1.0
Speculation about neurological structures and/or processes, which might 
produce results such as those depicted by the daisies, provides some interesting
possibilities. Some likely schemes which would account for the different 
sized petals are discussed in the following sections.
One scheme is a spatial one and would ascribe the different petal 
sizes to different numbers of impressable elements making up the various 
storage compartments. Thus, a petal capacity of a bits could indicate a 
region of size proportional to a being associated with that petal. This 
scheme could be analogous to the mapping of the retina onto the visual 
cortex, where equal areas on the cortex carry roughly equal amounts of 
information (but do not represent proportional parts of the retina)
Another scheme is a temporal one. According to it, the information 
is put into a temporary or buffer storage with approximately equal 
information capacity associated with each component. This intake of 
information is what we believe to occur in the first 40 msec, of the 
exposure. The information about the individual components is then 
processed sequentially within a data processing unit. This means that 
information about components which were processed late in the sequence 
would have had a greater chance to decay with time. To account for 
daisies like those in figs. 16-18 the decay would have to occur in two 
discrete jumps. Another possibility we have considered is that the 
information for each component decays exponentially.
The latter possibility has been examined in some detail. We 
assumed all storage compartments to be of equal capacity. Furthermore, 
we assumed that the processing sequence used by the S was variable, 
and not imposed by our numbering system. Accordingly, we considered 
that the component read out first (for a given S and a given run) was
8 2
0
83
that which contributed most to the information transmitted, the next 
component in the sequence being the one ranking second in information 
transmitted, etc. Next, we obtained, for each display type, the 
contribution (in per cent of the total information transmitted) of the 
first-ranked, second-ranked, etc., component, averaged over all Ss and 
runs. These values are shown in fig. 20. It is seen that a fairly good 
fit is obtained by:
(15) P - p -0.16<n-l) v ' n 1
where is the percentage contribution of the nth ranked component. The
most serious deviation from the above equations is an apparent shift to
a more nearly horizontal plot for the 2000 msec, exposures. However, this
is to be expected because for infinite time, when transmission is perfect,
the plots would be absolutely horizontal.
The behaviour depicted by relation^ can be explained in a simpler
fashion. We assumed that the contribution from each component is on
average equal, but subject to independent random fluctuations. This will
result in unequal contributions from each component. The function,
contribution vs. rank, must behave in a lawful way which is dependent
upon the distribution of the random fluctuations. (The general aspects
21of this problem have been treated by Wilks .) We investigated the 
effect of ranking by using a Monte Carlo technique. We assumed that the 
random fluctuations of information transmitted about each single component 
had a Gaussian distribution with the same mean and standard deviation, and
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RANK NO. OF COMPONENT
Fig. 20 Percent Of Totol Display Transmission Carried By Each Component. 
Before Plotting The Percentages Wers Ranked According To Size. The Points 
Shown Represent The Mean And Variance For All Of The S 's . The Solid Line 
Has A Slope Of *0 .0 7  Loglo Units /  Component.
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tested several values of cr. For a (J of 0.07 , which, is close to the 
empirical value, the curves obtained were essentially identical with 
those in fig. 20.
It was found that in the two-line displays containing 6 or more 
components there was little correspondence in the percent transmitted 
about a given position in duplicate runs, e.g., the position about which 
the most was transmitted in one run might have the least transmitted 
in a duplicate run, etc. However, such is not the case in scale reading1 
or the smaller (than 6 components) letter and playing card displays where 
the rank of the various positions is fairly constant in duplicate runs.
Although, the models were derived originally from data obtained in an 
earlier experiment1, they have served satisfactorily, with minor 
modifications, to fit most of the results presented in this report. They 
are particularly useful in that they predict the order of magnitude of 
the interaction between information components and also aid intuitively in 
understanding how plots such as figs. 2, 3, 4, and 9 may arise. Since 
the models we have suggested are crude, we would not attempt to relate 
them to any specific neurological structure or process. However, there 
appears to be enough correspondence between model and data to make future 
speculation and experimentation concerning neurological counterparts of 
considerable interest.
* For an 8-component display, the percent contribution from each 
component would be 12.5 + 7.0.
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